Abstract. New -d interacting system based on brominated TTF-type donor EDT-TTFBr 2 (= 4,5-dibromo-4 -ethylenedithiotetrathiafulvalene) was investigated. Magnetic (EDT-TTFBr 2 ) 2 FeBr 4 and non-magnetic (EDT-TTFBr 2 ) 2 GaBr 4 are isostructural salts, which have strong anion-donor interaction through Br-Br atomic contacts with weak direct anion-anion interaction. The iron salt takes an antiferromagnetic transition at T N = 11 K owing to strong -d interaction, which originates from the strong anion-donor interaction. The strong -d interaction also plays an important role in the electron transport phenomenon in the variation of temperature and applied magnetic field.
INTRODUCTION
Recently, magnetic metals based on organic donors and transition-metal-including anions have been intensively focused because of their attractive features from the points of strongly correlated electron systems and molecular device applications [1] [2] , despite that the interaction between conductive electrons and magnetic d-electrons ( -d interaction) is very weak in usual cases. A simple idea for enhancing the -d interaction is to bridge between conductive donor and magnetic anion by strong attractive interaction. Halogen-substituted TTF-type donors provide an important example of this idea, where the donors can be bonded to anions through halogen-halogen bridges [3] . In this paper, we report new organic metals based on brominated donor EDT-TTFBr 2 [4] , FeBr 4 − salt of which shows strong -d interaction owing to short anion-donor atomic contacts.
RESULTS AND DISCCUSION
Isostructural salts with M = Fe and Ga form donor-anion sandwiched layered structure, where the donor and anion layers consist of quasi one dimensional chains elongated parallel to the a-and b-axes, respectively. There are short donor-anion Br-Br contacts (3.67 Å) which are ca. 6 % shorter than sum of van der Waals radii of Br atoms suggesting strong -d interaction, whereas anion-anion Br-Br intra chain contact (4.01 Å) and inter chain contact (5.08 Å) are ca. 3 % and ca. 30 % longer than the sum of van der Waals radii suggesting the weakness of direct interactions between FeBr 4 − magnetic anions. Figure 1a shows the temperature dependence of the magnetic susceptibility of a single crystal of the FeBr 4 − salt, where the field is applied parallel to the three crystallographic axes. The magnetic susceptibility of the FeBr 4 − salt obeys the Curie-Weiss law with an antiferromagnetic transition at T N = 11 K in spite of the weakness of direct magnetic interaction between Fe 3+ spins evidenced by the structure. Therefore, T N , which is more than two times high than that of other FeBr 4 − including salts, suggests the presence of strong -d interaction mediated by the short Br-Br contacts. − salt, as clearly seen in the temperature dependence of the derivative of the Arrhenius plot of the resistivity, as shown in fig. 1c . Indeed, there are two anomalies at ca. 20 K and 11 K related to an M-I transition temperature and T N , respectively, whereas the non-magnetic GaBr 4 − salt takes an M-I transition at ca. 70 K with no anomaly observed around 11 K. ). In the Fe 3+ salt, -electrons can be transferred from one donor to another through the open shell of Fe 3+ in the inter layer transport due to the short contacts between donors and anions. Therefore, the dimensionality of thesystem is enhanced, resulting in stabilizing the metallic state. As a result, the M-I transition temperature of the Fe 3+ salt becomes lower than that of the Ga 3+ salt. Below T N , the FeBr 4 − salt shows a large negative magnetoresistance which reaches −23 % at T = 1.5 K, H = 15 T, while the GaBr 4 − salt shows only a small positive magnetoresistance ~3% in the same condition. An anomaly of the magnetoresistance of the FeBr 4 − salt at the spin flop field with H || b-axis also reveals that the large negative magnetoresistance is caused by the strong -d interaction.
The origin of the negative magnetoresistance is interpreted as follows. From the ESR result of the GaBr 4 − salt, the conducting -system is stabilized in a magnetically ordered state, such as SDW or magnetically ordered Mott insulator, in the low temperature region. Taking the strong -d interaction into account, the arrangement of antiferromagnetically ordered magnetic moments of the FeBr 4 − has the same periodicity to that of the magnetically ordered spins. This enhances the energy gap of the -system by stabilizing the magnetic ordered state of the -system. The periodic potential is reduced when the high field is applied, the enhancement of the gap of the -system being reduced. 
T (K)
'
